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(54) Dynamic Control of Cellular Racfio Communication System Resources 

(57) A method of optimising the operation of a cellular radio communication system in which the demands 
made by users of the system are monitored and resources are allocated to the users accordingly. In particular 
cell sizes and numbers of channels allocated to cells may be varied. The invention is described with reference 
to a personal cellular system in which a central transceiver unit (202) communicates with a plurality of 
subsidiary units (203) each serving as a base station for a single user station (204). 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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Dynamic Control of Cellular Radio Communication System Resources. 

Field of the Invention 

5 The present invention relates to cellular radio communication 

systems. 

Background of the Invention 

1 0 Cellular radio communication systems consist of a base 

transceiver station which communicates with a number of, usually 
mobile, subsidiary transceiver stations with an area surrounding the 
base station and constituting a cell of the system. 

Conventionally, cellular radio communication systems are 

1 5 categorized as macrocell, microcell or pico cell according to the nominal 
radius of the cells constituting the system. Macrocell systems have cells 
with radius of over 1 km, microcell systems have cells with radius in the 
range of 100m to 1 km and picocell systems have cell radius in the range 
30m to 100m. A form of cellular radio communication system with a 

20 still smaller cell size is coming into use and has been given the 

designation "personal**. Such systems have cell radius less than 30m, 
and typically less than 3m. A few personal cells may be considered 
together as a "group" cell. 

In personal/groups cells the usage of individuals resources levels 

25 (area used over time, frequencies used , cell size, bandwidth allocated, ' 
and services) and interference are monitored by the system. This 
information may then be used to optimise the performance of the system 
(capacity level, resource usage, power). 

In macro, micro and pico cell systems, the nominal sizes of the 

30 cells and the frequencies upon which the base stations operate are 
determined during the initial setting up and commissioning of the 
system concerned. 

In personal cellular radio communication systems on the other 
hand, the cell size and its characteristic frequency may be assigned to a 

35 specific user of the system and not to a base station in a fixed location. 
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Summary of the Invention 

The present invention, although applicable to all types of cellular 
S radio communication systems, is particularly useful in connection with 
personal cellular radio communication systems. 

According to the present invention there is provided a method of 
optimising the operation of a cellular radio communication system, 

1 0 including the operations of monitoring the positions of services used and 
frequency of calls made by user stations within cells in a region of the 
cellular radio communication, establishing a dynamic user profile data 
base related thereto, and varying the characteristics of the cells in the 
said region of the radio communication system in response to data 

1 5 derived from the user profile data base so as to allocate resources to the 
cells as a function of the demands made by the user stations within the 
cells. The word "dynamic" is used to indicate that the information in the 
data base is updated regularly. 

20 The said resources may include the sizes of the cells and/or the 

number of traffic channels and available within the cells. Preferably 
there is included also the operations of monitoring the level of 
interference within the cells in the said region of the cellular 
communication system, producing an interference probability 

25 distribution function related thereto, and routing calls to avoid those 
cells in which the levels of interference are highest. 

There may be included also the operations of producing a location 
probability distribution function for specific users of the system can be 
30 routed initially to those cells where experience has shown that they are 
most likely to be. Also, the handover sequences for those cells can be 
recorded in the user profile data base so that they can be initiated at the 
same time that a request for service is received by the base transceiver 
station of the cell concerned. 

35 

The above operations are applicable particularly in the case of the 
smallest cell size systems (pico and personal) because most users of 
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such systems tend to remain in well defined positions, or to move only 
locally. 

Also according to the invention there is provided a cellular radio 
5 communication system wherein there is provided a base service 
transceiver station, serving a region of the cellular radio 
communication system, a central transceiver station in communication 
with the base service station, a plurality of subsidiary transceiver units 
in communication with the central transceiver station and a user 

1 0 station in communication with an associated subsidiary transceiver, to 
form a cell of the cellular radio communication system, wherein the 
base service transceiver station includes a central processing unit 
adapted to monitor continuously the positions of, services used and 
frequency of calls made by the user stations in the said region of the 

1 5 cellular radio communication system at regular intervals store data 
relating thereto in a user profile data store and produce operating 
signals adapted to cause the central transceiver station to vary the 
characteristics of the cells in the said region of the cellular radio 
communication system in response to the operating signals so as to 

20 allocate resources to the cells as a function of the demands made by the 
user stations within the cells of the cellular radio communication 
system. 

Brief Description of the Drawings 

25 The invention will now be described, by way of example, with reference 
to the accompanying drawings. 

Figure 1 is a flow chart of a system embodying the invention for 
optimising the operation of a cellular radio communication system. 

30 

Figure 2 shows, schematically, the layout of a personal cell size 
cellular radio communication system, and 

Figure 3 shows how the system of figure 2 can react to 
3 5 accommodate changes in the distribution of users of the system within a 
region f the system. 



Detailed Description of a Preferred Embodiment 



Referring to Figure 1, the traffic within a region of a cellular radio 
communication system is monitored continuously by a base service 
5 station (not shown) for that region of the cellular radio communication 
system (also not shown). The base service station monitors the positions 
of users of the radio communication system, the services they request, 
the frequency requested and that actually used. Also monitored 
continuously for the cells within the region served by the base service 

1 0 station are the signal to interference ratios of the traffic ^annAi fl used, 
the signal strengths and the number of requests for alternative traffic 
channels made by users of the cellular radio communication system 
(stage 1). This information is stored in a user profile data base which is 
updated at regular intervals (stage 2). Information is extracted from the 

1 5 store and used to predict the probable location of one or more users of the 
system, the carrier requirements and the most appropriate frequencies 
to be used (Stage 3). This data is used to reconfigure the cell, or cells, the 
user or users of the system and possibly to page the cell or cells in which 
the user or users of the system are most likely to be found, (stage 4 and 

20 5) contact having been made communication links are established in the 
usual way. (Stages 6 and 7). 

Once sufficient information has been collected concerning the 
whole population of users, the optimum frequency allocation and cell 
25 sizes for the system can be determined. As the system develops this 
allocation can be adopted to meet any new requirements. 

One possible use of the information would be to modify the size of 
cells to decrease the trunking loss of a personal cell radio 
30 co mmuni cations system, as illustrated in Figure 3. 

Figure 2 shows a conceptual personal radio cellular 
communication system embodying the invention. Referring to Figure 2, 
a base service station 201, in which the above described operations are 
35 carried out, communicates with a central transceiver station 202. The 
central transceiver station 202 in turn c ommu nicates with a network of 
subsidiary transceiv r units 203, each of which form the base 
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transceiver station serving a single user station 204 in a cell 205 of the 
personal cellular radio communication system. The central transceiver 
station 202 is so positioned that communication with the subsidiary 
transceiver units 203 is supportable by an RF channel and the subsidiary 
5 transceiver units 203 are so positioned as to have communication with 
their respective user stations 204 which is supportable also by an RF 
channel. Other than RF frequencies can be used to communication 
between the central transceiver station 202 and the subsidiary 
transceiver omits 203, and between them and the user stations 204, also, 
1 0 the central transceiver station 202 can be linked to the subsidiary 
transceiver units 203 by land line. 

Figure 3 illustrates the reaction of the base service station 201 of 
such a system in response to the movement of one or more user station 

1 5 204 from its normal position, referring to Figure 3 at (a) there is shown 
a region 301 of a cellular radio communication system such as that 
described with reference to Figure 2 in which there is a cell re-use 
pattern of seven cells 205. Also, there is an overlay cell 302 which is used 
to carry signals which are common to all the cells in the region 301 of the 

20 cellular radio communication system. Initially, the identity and usage 
status of all the user stations 204. (Not shown in the figure) in the region 
301 of the cellular radio communication system is known by the base 
service station 201. Figure 3 shows one way which the base service 
station 201 can deal with the situation when three of the user stations 

25 204. Those of cells 1, 2 and 4 move away from their normal positions and 
congregate in an area 303. 

The base service station 201 causes the respective subsidiary 
transceiver unit 203 to increase their power output so that the size of 
3 0 their associated cells (1, 2 & 4) increases and an overlap region is created 
which encompasses the area 303 in which the user stations of the cells 1, 
2 and 4 have congregated. A consequent loss of traffic carrying capacity 
occurs and this is rectified by increasing the area of the overlay cell 303 
and passing some of the traffic through it. 

35 

If one of the user stations 204 begins to become mobil within its cell 205 
then the base service station 201 can cause th size of that cell 205, to be 
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increased to allow for the increased mobility of the mobile user station 
204, so delaying the need for handover to an adjacent cell 205. When this 
becomes necessary, the power level of the base transceiver station of the 
first cell 205 can be reduced, so conserving power and reducing 
5 interference. 

The new cell 205 can either operate on the same frequency as the 
original cell 205 (i.e. the frequency associated with the identified user 
station 204 of that cell or the frequency associated with the user station 
204 of the new cell 205. If the same frequency is used then the separation 
10 of the antennas associated with the subsidiary transceiver unit 203 

forming the base stations of the two cells can be used to provide spatial 
diversity. 
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Ciaims 

1. A method of optimising the operation of a cellular radio 
communication system, including the operations of monitoring the 

5 positions of services used and frequency of calls made by user stations 
within cells in a region of the cellular radio communication, 
establishing a dynamic user profile data base related thereto, and 
varying the characteristics of the cells in the said region of the radio 
communication system in response to data derived from the user profile 
1 0 data base so as to allocate resources to the cells as a function of the 
demands made by the user stations within the cells. 

2. A method according to claim 1 wherein there is included the 
operations of monitoring the level of interference within the cells in the 

1 5 said region of the cellular radio communication system, producing an 
interference probability distribution function related thereto and routing 
calls to avoid those cells in which the level of interference is highest. 

3. A method according to claim 1 or claim 2 wherein there is 
20 included the operations of producing a location probability distribution 

function for specific users of the cellular radio communication system, 
and initially routing incoming calls for those users of the system to cells 
where the probability distribution function indicates they are most likely 
to be. 

25 

4. A method according to claim 3 wherein handover sequences for 
the above cells are recorded in the user profile data base and there is 
included the operation of initiating handover simultaneously with the 
reception by a base transceiver station of the cells concerned of a request 

3 0 for service involving a specified user of the system in those cells 

5. A method according to any of claims 1 to 4 wherein there is 
included the operation of determining from data held in the user profile 
data base the optimum allocation of radio frequency and size of cell for 

3 5 individual users of the cellular radio communication system 



6. A method according to any preceding claim wherein there is 
included the operation of modifying the size of a particular cell of the 
system in response to information derived from the user profile data 
store relating to a movement of the specified user of the system 

5 associated with that cell. 

7. A method according to any preceding claim including the 
operation of determining when a particular cell is not in use and 
reducing the power output of the base transceiver unit of that cell during 

1 0 the period for which the cell is unused. 

8. A cellular radio communication system wherein there is 
provided a base service transceiver station, serving a region of the 
cellular radio communication system, a central transceiver station in 

1 5 co mmuni cation with the base service station, a plurality of subsidiary 
transceiver units in communication with the central transceiver station 
and a user station in communication with an associated subsidiary 
transceiver, to form a cell of the cellular radio communication system, 
wherein the base service transceiver station includes a central 

20 processing unit adapted to monitor continuously the positions of, 

services used and frequency of calls made by the user stations in the said 
region of the cellular radio communication system at regular intervals 
store data rela t i ng thereto in a user profile data store and produce 
operating signals adapted to cause the central transceiver station to vary 

25 the characteristics of the cells in the said region of the cellular radio 
co mmuni cation system in response to the operating signals so as to 
allocate resources to the cells as a function of the demands made by the 
user stations within the cells of the cellular radio c ommuni cation 
system. 

30 

9. A cellular radio communication system wherein the operating 
signals produced by the base service transceiver station cause the 
central transceiver station to vary the size of/and the number of traffic 
channels available within the cells of the region of the cellular radio 

35 communication system. 
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10. A cellular radio communication system according to claim 8 or 
claim 9 whereas the central control transceiver station communicates 
with the subsidiary transceiver units via radio frequency links. 

5 11. A cellular radio communication system according to claim 8 or 
claim 9 whereas the central transceiver station is linked to the 
subsidiary transceiver units by land lines. 

12. A cellular radio communication system according to any of 
1 0 claims 8 to 11 wherein a single user station is associated with a 

subsidiary transceiver unit to form a personal cell within the radio 
communication system. 

13. A cellular radio communication system according to claim 12 
1 5 wherein a number of contiguous personal cells are encompassed by an 

overlay cell and communications between the central transceiver station 
the cells with the overlay cell are passed through the overlay cell. 

14. A cellular radio communication system according to claim 12 
20 or claim 13 wherein there is included a facility for amalgamating 

personal cells to form a group cell. 

15. A method of optimising the operation of a cellular radio 
communication system substantially as hereinbefore described and with 

25 reference to the accompanying drawings. 

16. A cellular radio communication system substantially as 
hereinbefore described and with reference to the accompanying 
drawings. 
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